2**</,(iV,) = 0 (3) independent of the quantities AT, -. Substituting this result in equations (2) and integrating we find the following result which is essentially a first integral of the equations:
We can write down these relations explicitly for a number of molecular systems. For example consider .^-doubling of the 2 i7 8 / 2 J -3/2 system of OH, which gives rise to the 18 cm radio emission. If we consider circular polarization of the four lines the relation becomes / £7(1612 R)\ / £7(1665 R^1/ 5 /£7(1667 R 
N H 3 (1,1) (23694.5 MHz) yields two independent relations (subscripts indicate F values of hyperfine levels).
constant.
Each of these relations is seen to involve only the degree of polarization of the radiation at the various frequencies, not the intensity of the radiation itself. It should also be stressed that these relations are valid even under conditions of saturation.
MEANING
Before discussing the significance of these relations it is necessary to consider the conditions under which they were derived. Firstly, the model considered is a steady state one in which time derivations have been ignored. This assumption appears to be justified because the observed long life times of the phenomena are much greater than the expected decay times. Secondly, spontaneous emission has been ignored, so that the results are applicable only to situations in which masering occurs simultaneously at all frequencies and polarizations.
If the radiation which is initially amplified by the maser is thermal background of sufficient intensity that spontaneous emission is never important, we may conclude from the fact that the thermal background is unpolarized that the constant on the right-hand side of each of the relations must be unity. If the radiation being amplified has a lower intensity, then spontaneous emission must be considered. However this will only be the case when the intensity is much below that required to cause saturation, and then radiation at the various frequencies is growing independently. Hence for any given pumping mechanism, the constant on the right-hand side of these relations may very easily be calculated-and will not in general be unity unless the pump introduces no polarization of its own. This constant will not be afTected by anything that happens in the region where spontaneous emission is unimportant, since the derivation is completely independent of the nature of the pumping mechanism.
If then sources can be found in which there is simultaneous amplification of all frequencies and polarizations, determination of the constant in the relations may throw light on the nature of the background radiation being amplified or the nature of the pumping mechanism in the region where spontaneous emission is important.
The author is in receipt of a CSIRO Postgraduate Studentship, and wishes to thank Dr I. D. Johnston of the University of Sydney for many helpful discussions.
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Synchrotron Radiation from Mildly Relativistic Electrons

J. P. WILD
Division of Radiophysics, CSIRO, Sydney
The exact formula for the intensity of synchrotron radiation emitted by a single charged particle in vacuo was given by Schott, 1 for the case of circular orbits, and Takakura 2 for the case of helical orbits. In the general case the radiated power is expressed in terms of four variables which appear in (among other places) the arguments or orders of a Bessel function and its first derivative; hence the general formula gives little insight into the interpretation of synchrotron radiation and allows evaluation only in particular cases. There is a particular need for approximate formulae that yield the spectrum of the radiation in explicit form. Such approximate formulae were found by Vladimirskii 3 and Schwinger 4 for the case of highly relativistic electrons. In the present paper we outline the derivation of approximate formulae applicable to mildly relativistic electrons, especially those with velocity /3c such that 0 4 / 3 ;$ 0.9. These approximations are also relevant to the case of highly relativistic electrons in a plasma with refractive index appreciably less than unity.
The fundamental frequency of gyration of an electron with velocity /Sc moving at an angle <f> to the magnetic field as seen by a distant stationary observer situated on a line making an angle 0 with the magnetic field is given by f = / » ( l -/ 3
2 ) * 1 -/3 cos$ cos0 where f" is the gyro frequency, eH/2nmc. The power per unit solid angle received in the n th harmonic is given by
(1) where the subscripts x andy refer to the linearly polarized components with electric vector respectively parallel and perpendicular to the magnetic field and where n /cos 0 -/ 8 cos (f>\ .
.
(lsin<f>
fi. = •£(»*)
Here J" (z) denotes the Bessel function of the first kind, J' n (z) = d{J n {z)}/dz, and /S sin <f> sin 0 1 -/S cos <f> cos 0 (4)
The major and minor axes of the polarization ellipse are proportional to Q y and Q x respectively, whence the degree of circular polarization is 2Q X Q V /(Q X 2 + Q" 2 ). Although the power spectrum consists of discrete harmonics it is often more convenient to regard the harmonics as being smeared over a continuous spectrum. Thus the power per unit solid angle per unit frequency interval for each polarized component is written
and likewise P y (f). The function a lies in the range 0 < a </?. In the highly relativistic case (/? « 1) the radiation is significant only when 0 »<f>, in which case a « 1, and well-known approximations to the function /"(«a) are applicable. However the approximations given in the mathematical literature which are valid in the range appropriate to the mildly relativistic case (0 <I a £ 0.9, say) are of such complexity as to defeat the present purpose. We therefore seek a simple approximation for this range of values.
Let us specify the Bessel function in terms of the A function, thus . , s (na) n . . . 
This expression contains fractions of the kind »/(«+l), n / ( n + 2 ) , . . . n/(n+r); if n is large and if a is so small that the number of significant terms of the series is much less than «, these fractions may with small error be replaced by others of the kind (n-1)/«, (»-2)/« . . . (n-r)/n. The series (7) then becomes
-( • -$ " This approximation suggests that a better one might be obtained by writing the function {A n (na)} 1 /*™ -1 * (which is seen from equation (7) to have the form (1 -F(a, n)) 1^™-1 *) as a binomial expansion in powers of a. One finds
where the remainder i?"(a) contains diverging terms of order a 8 and higher, <x 2 /« 2 and higher, <x 4 /n and higher, etc. The significant property of this series is the lack of terms of order a 2 ' n s with positive s. Although the series becomes divergent it may be shown that R n (a.) remains small in the range a < 1, n > 1. In this range it may be shown that* tf n ( a ) < * " ( ! ) < * . ( ! ) = £ • 192 -x 9 X 10-3 , e If R n (a) is neglected, equations (6) and (8) 
where equation (10) has been derived by differentiating (9) with respect to na. The x and y components of power and the polarization of synchrotron radiation are proportional to {J n (na)} 2 , {J'"(na)} 2 and {J' n (na.)/J n (na)} respectively. The percentage errors incurred in evaluating these quantities using equations (9) and (10) instead of the exact functions have been computed in the (n, a) domain and are shown in Figure 1 . It is seen that the approximations give values within 10% of the true values over the region of interest to mildly relativistic electrons, and if cruder estimates (^35%) are acceptable the approximation is valid for all energies and for harmonic numbers 2 < n <, 50. Figure 1 may also be used as a rough correction chart, except in the shaded areas.
With the aid of equations (1-5), (9) and (10) we may now derive expressions for the power of synchrotron radiation. With * = / / / « , *For general purposes the remainder may be reduced for low values of n by including some «-dependent terms in the right-hand side of equation (8) (1 -/Scos<£cos0)(l -=j-
The term involving b is of minor importance over much of the (a, n) domain and if it is nelgected the spectra of both polarized components have a single maximum a t / = / 0 . The value of /" increases from 0 to oo as « increases from 0 to about 0.96. For higher values of a, / 0 is negative, signifying that no peak in the spectrum is reached within the unshaded domain of Figure 1 .
Computations of the above coefficients are being prepared to allow rapid assessment of the spectrum and polarization in the general case.
The author is greatly indebted to Mr E. R. Hill for computing at short notice the quantities on which Figure 1 is based and for checking the manuscript. 
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The object of this paper is to show that librations of the Earth follow conditions that are prescribed by nutations. The poles of rotation, excitation and inertia are treated as moving within a system that has approximately constant speed and direction relative to the Conventional International Origin. Applied excitations are presumed to cause other excitations, part forming at once and part forming progressively. Let P be the pole of rotation; let O' be the point to which the pole of remanent excitation would go without significant delay if the applied excitation ceased; and let m be the position of P relative to O'. During nutations let P 0 be the mean position of P, and let O be the mean position of O'. The barycentre B is the 6-yr mean of P 0 . Let B and O have coordinates f, rj and £ 0 , t] 0 respectively. Furthermore, let O" be the point which the pole of the remanent excitation would approach progressively if the applied excitation ceased; and let m' be the position of P relative to O".
